Expression and purification of HEN1 protein from Escherichia coli Full-length HEN1 cDNA was generated by a combination of cDNA library screening and 5´RACE (S1). However, a region in the cDNA is apparently a hotspot for an E. coli transposon, and the excision of this transposon causes a one-nucleotide deletion. This was remedied by site-directed mutagenesis to introduce nucleotide substitutions around the deletion site with mHEN1p3 (5´-aagctagggatgaaattgtaggtaggatcaagtatatattttctgatg-3´) and mHEN1p4 (5´-catcagaaaatatatacttgatcctacctacaatttcatccctagctt-3´). The nucleotide substitutions do not affect the amino acid sequence of the protein. This HEN1 cDNA was shown to rescue the hen1-1 mutant phenotype and was used as our wild type, HEN1 cDNA in this report. The full-length HEN1 cDNA was amplified by HEN1p4 (5´-ccggaattctcaaagatcagtctttttcttttctacatcttcttt-3´) and HEN1p6 (5´-ccggaattcatatggccggtggtgggaagc-3´) and cloned into pGEX-2TK for GST-HEN1 fusion protein expression in E. Coli. pGEX-2TK-HEN1 was mutated by site-directed mutagenesis to change the amino acids in the SAM binding motif. This mutagenesis was performed with primers HEN1Mp1f (5´-catccgcttctactttggttaacgctgtagccgtatctggaagtttattagactctctac-3´) and HEN1Mp2r (5´-gagtctaataaacttccagatacggctacagcgttaaccaaagtagaagcggatgattc-3´). The resulting clone pGEX-2TK-HEN1m2 was sequenced to confirm the presence of the introduced mutations and the absence of any unwanted mutations.
, 0.1 mM EDTA, 2 mM DTT, 5% glycerol, 2 ml RNasin (Promega), 0.5 mCi S-adenosyl-L- [methyl- 14 C] methionine (58.0mCi/mmole; Amersham Biosciences), and 5 mg purified protein. The reaction was started by the addition of 1 nmol RNA substrate. After 1 hour of incubation at 37°C, the reaction was terminated by adding 100 ml of the stopping solution [100 mM Tris/HCl (pH8.0), 10 mM EDTA, 150 mM NaCl, 2% SDS, and 0.4 mg/ml proteinase K] and followed by incubation at 65°C for 15 min. The reaction was extracted with phenol/chloroform and the RNA was ethanol precipitated and analyzed in a 15% polyacrylamide gel. The gel was treated with an autoradiography enhancer (En 3 hance from PerkinElmer) and exposed to X-ray film at -80°C.
The putative pre-miR173 (http://www.sanger.ac.uk/Software/Rfam/mirna/index.shtml) was generated by in vitro transcription using T7 RNA polymerase. The template was amplified by PCR from genomic DNA using primers 5´-taatacgactcactataggtaagtactttcgcttgcag-3´ (containing the T7 promoter) and 5´-caagctctttcgcttacac-3´. The RNA oligonucleotides used as substrates were purchased from Integrated DNA Technologies or Dharmacon RNA Technologies.
Detection of 2´ and 3´ OH on the last nucleotide of miRNAs
Periodate treatment and β elimination were performed as previously described (S2).
Isolation of a single miRNA and mass spectrometry analysis
The purification of miR173 was carried out with a biotin-labeled DNA oligonucleotide (5´-biotin-aagtgatttctctctgcaagcgaa-3´). This DNA oligonucleotide is antisense to miR173 but also contains two extra A residues at its 5´ end to ensure that its molecular mass is much larger than that of miR173. Total RNA was incubated with the biotinylated DNA in 0.5× SSC at 50 °C for 15 hours. Then the biotinylated DNA was captured by streptavidin magnetic particle (Roche) and washed with 0.5× SSC. miR173 was eluted with water by incubating at 70 °C for 5 minutes. The purified miR173 was treated with exonuclease I (Amersham Biosciences) for 1 hour to degrade the DNA oligonucleotide that we found could also be eluted. The quality of the purified RNA was evaluated by RNA filter hybridization and the amount of miR173 was estimated by comparison to known amounts of an RNA standard (Fig. S4a) . From approximately 35 mg of total RNA, a final purified fraction containing 250 ng of miR173 was obtained. Approximately 700 ng of each RNA standard and 100 ng of purified miR173 (excluding the contaminating RNA and DNA) from Arabidopsis were subjected to Electrospray Ionization-Mass Spectrometry (ESI-MS) analysis at Novatia (http://www.enovatia.com; Princeton, NJ). S2 . The last nucleotide of miR173 is methylated by GST-HEN1 in vitro. miR173/miR173* was incubated with either GST or GST-HEN1 in the presence of [ 14 C]SAM. The RNAs were then treated with sodium periodate followed by β elimination. Half of the reaction was resolved on an acrylamide gel, blotted to membrane, and probed with an antisense miR173 DNA oligonucleotide (a). The other half was resolved on an acrylamide gel, which was exposed to film to detect the 14 C-labeled RNA (b). RNA oligonucleotide standards without any methylation (miR173-OH) or with a 2´-O-methyl (miR173-2´me) were included to show that the chemical reactions can distinguish the unmethylated and methylated RNAs. A mobility shift was observed for all of miR173 incubated with GST and a fraction of miR173 incubated with GST-HEN1 (the unmethylated fraction, arrowhead in a). A portion of miR173 incubated with GST-HEN1 remained the same in mobility [the methylated fraction, arrow in (a)]. All 14 C-labeled miR173 remained the same in mobility after the chemical reactions (b), indicating that the methylation occurred on the 3´ most nucleotide. Fig. S3 . Estimation of the minimum amount of unmethylated miR173 detectable by RNA filter hybridization. Lanes 1-4, synthesized miR173-2´me and miR173-OH standards were mixed at different ratios and subjected to oxidation and β-elimination reactions and RNA filter hybridization. The miR173-2´me to miR173-OH ratios are 1:1 (lane 1), 10:1 (lane 2), 20:1 (lane 3), and 100:1 (lane 4). 5 ng of mi1R73-2´me was used, which corresponded approximately to the amount of miR173 from 60 mg enriched small RNAs from Arabidopsis leaf tissue (lane 5). MiR173-OH at 5-10% of the level of miR173-2´me can be detected (lanes 2 and 3) . Fig. S4 . Evaluation of the purified miR173 fraction from Arabidopsis used in the mass spectrometry analysis. MiR173 was affinity purified from 35 mg of total Arabidopsis RNA. The final purified fraction was subjected to RNA filter hybridization to determine the purity of the fraction. (a) 1/600 of the final purified fraction (P) was resolved on a gel together with 1, 2, and 3 ng of miR173 oligoribonucleotide standards (lanes marked 1-3) and probed for miR173. The fraction contains apparently intact miR173. The amount of the purified miR173 can be estimated by comparing its signal intensity to that of the standards. (b) 1/250 of the final purified fraction (P) was resolved on a gel together with various amounts of the DNA oligonucleotide used to affinity purify miR173, and probed for the contaminating DNA oligonucleotide. (c) 1/250 of the final purified fraction (P) was probed for miR159, miR167, and miR172. 20 mg (for miR159 and miR167) or 50 mg (for miR172) of total Arabidopsis RNAs (T) was used as positive controls. (d) an image of a stained gel with 20 mg of total Arabidopsis RNAs (T) and 1/250 of the final purified fraction (P). Trace amounts of large RNAs co-migrating with tRNAs can be seen in P. In (a), the large peak of unresolved molecular mass probably corresponds to the contaminating large RNAs in the fraction. The only major peak in the resolvable mass range (less than 8000 Dalton) is the one eluted at 11.31 min and represents the in vivo miR173. An enlarged chromatograph of this region is shown in Fig. 4a . In (b) and (c), the expected mass of the standards is indicated by the numbers in parentheses. The measured mass is indicated by the numbers directly above the peaks. Fig. S6 . RNA filter hybridization to determine the status of the 2´ and 3´ OH on the last nucleotide of animal miRNAs. Total RNAs were treated with periodate followed by β elimination, resolved by gel electrophoresis, and then subjected to RNA filter hybridization using probes against various miRNAs as indicated. β, treated RNA; -, untreated RNA. 
Legends to supplementary figures

